
* .  . . ,  , 

Semi-Annual Progress Report 

on Research Grant NsG-722 Suppl. 2 

submitted t o  

National Aeronautics and Space Administration 

Washington 25, D.C. _- 

January 1, 1967 

1. I n s t i t u t i  04: 

University of California, San Francisco 
School of Medicine 
Biomechanics Labra to ry  
471 U.C. Hospital Buildine 

2. 

Third and P a k s s u s  Avenuis 
San Francisco, California 94122 

Re s mng e Invegt&atoy: 

N 0 

&774 
(NASA CR OR TMX OR AD NUMBER1 

(CODE) 

Henry J. Ralston, Ph.D. / 

fl3.d 
Research Physiologist 
Biomechanics Laboratory 
University of California, School of Medicine 
San Francisco, California 94122 
Telephone (Area Code 415) 664-1977 

/ tF  

3. Suhlect of Investiaation: 

"Relative Roles of Gravitational and I n e r t i a l  Work in the Ehergy Cost and 
Character of Human Locomotion." 

? 

4. Etlr iod of I n v e s t i v a t a :  
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5. Progress Remrt:  
d 

Research dming the period July 1, 1966 - January 1, 1967,may be subdivided 
i n to  two main categories: 
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(a )  Continuation of the detailed analysis of human locomotion on the  
treadmill ,  a s  b r i e f ly  reported i n  -paragraph C of our semi-annual 
report  dated July 3, 1966 

(b) Effects of loading the trunk of a human subject  on the  energy cost, 
character, and efficiency of locomotion, a s  revealed by such analysis  

Figure 1 shows an analysis  of the  energy level of eaoh segment of the 
body (HAT, thigh, shank, foot) of a 19-year-ald normal female subject, weighing 
58.6 kg, l i g h t l y  clothed in  blouse, shorts,  and rubber-soled shoes. The 
proportions by weight of t he  various par ts  of her body, a s  determined from 
volumetric displacement of each segment, and from spec i f ic  g rav i t i e s  provided 
i n  the l i t e r a t u r e ,  were a s  follows: 
thigh, 10.95%; shank, 5.40%; foot, 1.50%. 

HAT (head + arms + trunk), 64.38%; 

The energy expenditure of the subject in  the experiment of Figure 1, 
determined from s tab i l ized  oxygen consumption, was 60.16 ca1/1.22 sec, the  
durat ion of a cycle (from l e f t  heel s t r i k e  t o  l e f t  heel  s t r i k e )  being 1.22 
sec. 
mechanical energy l eve l s  of the  body a s  a whole during one walking cycle. 
The lower curves of Figure 1 a r e  corresponding curves showing total  energies, 
k i n e t i c  energies, or potent ia l  energies, f o r  each segment, a s  labeled. 

Figure 2 shdws a s imilar  s e t  of curves f o r  the same subject walking a t  
t h e  same speed but wearing a vest  weiehing 10 kg. 
of 17.1% of the  body weight, and an increase of 27.9% of the weight of the  
HAT. It represents a load which is  about a t  the  limit of tolerance of the  
subjec t  a t  the walking speed of 73.2 meters/min, cadence 100 steps/min. 

The top  curve of Figure 1, labeled I'Body Total,l1 shows the  instantaneoua 

I 

I 

This represents an increase 

In s p i t e  of t h i s  considerahle increase i n  load, the s t ep  r a t e  and therefore  
t h e  s t ep  length were not a l te red .  
sec, compared with the 60.16 ca1/1.22 
d i f fe rence  of 2.89 cal/l.22 sec, o r  4.8%, obviously must r e f l e c t  the increase 
i n  mechanical work which was done i n  the second experiment. 

The energy expenditure was now 63.05 ca1/1.22 
sec of the  control experiment. This 

Comparison of Figure 1 and Figure 2 reveals the following: 

1. The "Body Totalt1 mechanical energy curve shows t h a t  the work output I 

i n  experiment no. 2 is 0.93 ca l  greater  than in  experiment no. 1, representing 
a n  increase of 7.1%. \ 

1 

2. The "HAT Total1I and "Both Legs Totall' work outputs a r e  approximately 
The "HAT Vert ical  Kinetic" energy curve i n  the  equal in the two experiments. 

second experiment shows a work output s ign i f icant ly  greater  than that in the  
control  experiment when expressed i n  percentage terms, but the absolute values 

t h e  energy considerations with which we a r e  concerned in the  present discussion. 

1 

i n  both experiments a r e  so small t h a t  they do not en ter  s ign i f icant ly  into I 

3. The '"AT Horizontal Kinetic11 energy leve ls  a r e  r e l a t ive ly  l a rge  in 
terms of t he  to t a l ,  but, a s  i n  the preceding case, the absolute differences 
a r e  so small t h a t  they do not enter s ign i f icant ly  into the energy coneiderations 
under discuss ion. 
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4 .  The most s t r ik ing  difference between the  curves of Figures 1 and 2 
i s  the la rge  absolute difference, 4.2 ca l ,  as w e l l  as la rge  percentage 
difference,  ?5%, i n  t he  "HAT Fntent ia l l l  energy changes. 
differences are due t o  a cornhination ef an increase in the  load being l i f t e d  
and an increase in  t h e  height through which the  load is  being l i f t e d .  

These l a rge  

It is  c l ea r  from the preceding observations t h a t  t he  pr incipal  f ac to r  i n  
t h e  change i n  energy cost  o f  walking when there i s  a subs tan t ia l  increase i n  
t h e  mea8 e€' tho trmk i s  t h e  grevikt ienel  work w h i ~ h  i e  performedI 
even under  conditions of ea r th  gravity t h e  e f f ec t s  of loading the  trunk to a 
l i m i t  approaching the  sub,jectIs tolerance have a re la t ively small  e f fec t  
upon t h e  ove ra l l  mechanical work performed and consequently upon t h e  energy 
c o s t  of doing the  work. It may he  ant ic ipeted t h a t  loading of t h e  t runk 
under conditions of a weak gravi ta t iona l  f i e l d  w i l l  have a very small e f fec t  
upon the  energy cos t  of normal locomotion, if it i s  assund that o ther  
conditions remain subs tan t ia l ly  the same. 

Howevmr, 

. 

During the  coming months t h e  r e l a t i v e  e f f e c t s  of trunk and limb loading 
w i l l  be analyzed by similar methods. 

Respectfully submitted, , 

ston, Ph.D. 
Rese Phys iologiet  

I 
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EXPERIMENT NO. I -CONTROL 
DATE: 12/6/66 
SUBJECT: P. KRONER ' 

GRADE: LEVEL 
SPEED: 73.2 WMIN 

ENERGY LEVELS 

I 
I 
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Figure 2 

ENERGY LEVELS EXPERIMENT NO. I -LOAD 
10 KG ON TRUNK 

DATE: 12/7/66 
SUBJECT: P.KRONER 
GRAOE : LEVEL 
SPEED: 13.2 M/MIN 
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